INTRODUCTION
For the purposes of this paper, a small laboratory is defined as having only one biochemist or chief technician, up to six junior staff and either one or no AutoAnalyzer channels.
The need for quality control is the same in both small and large laboratories but in the former, generally less facilities are available, staff is less easily deployed and the numbers of specimens are not usually large enough to justify the use of statistical procedures such as daily mean, 'cusum' of the daily mean etc. The techniques available for quality control are therefore limited. All staff need to be convinced of the daily necessity of quality control and since the number of senior staff is small a greater responsibility must fall on each individual. Thus technician training and education, the preparation of standards and work simplification are of primary importance. Distinct from these is the consideration of techniques of quality control including the use of control sera and charts. The assay of enzymes requires special attention and is dealt with separately.
Technician training
The early days after a junior technician first joins a department are especially important for inculcating the need for alertness to the occurrence of errors and for learning how meticulous attention to detail is required to obtain the best results with the limited apparatus available. When in difficulty, junior staff must be encouraged to seek advice from senior staff rather than from colleagues of their own rank. The following examples illustrate how junior staff can help to detect accidental errors which can occur in all manually operated techniques:
Results well outside the normal range from patients on whom there is no recent laboratory data should be repeated on the technician's own initiative.
A visual estimate of colour intensity, made before the solution is poured into the cuvette of the colorimeter, can help to prevent errors arising from the use of the wrong filter.
Calculations should be checked mentally and in the author's experience both in hospital and industry, it is advisable for all calculations to be independently checked by a colleague before the results are reported.
Standards and calibration
Accurate standard solutions are essential and yet serious errors continue to be made. Table 1 shows an analysis of the results obtained by two laboratories assaying aqueous solutions over a period of 10 weeks; each laboratory received identical samples. It can be seen that for each constituent, the precision is acceptable but the accuracy poor. Similarly Fig. 1 shows the spread of results obtained by 20 laboratories in one week when identical samples of a calcium chloride solution were assayed.
It is suggested that at least the stock standards in a laboratory should be made by an experienced person using a fixed procedure and allowing for details such as adequate drying of the solid and adjustment of the temperature of the solution before making up to the calibration mark on the container. The purchase of Grade A flasks, pipettes and a burette specifically for the preparation of standards is a worthwhile investment. Wherever possible the use of the burette to measure portions of the stock standard is preferable to using a variety of pipettes. Balances should be inspected by a service engineer at least once each year. The regular preparation of standard solutions with the date carefully recorded on the label is advised. By adjusting the volume prepared, in proportion to the usage, reasonably frequent renewal of the solution is ensured. Comparison of the analytical results on the old and new standards will check against gross errors and indicate how well the older solutions have been preserved.
Thought needs to be given to the nature of the storage vessel since recent evidence has indicated that some plastic containers may be capable of absorbing constituents from solutions.
With the pure chemicals now available and by instituting the requisite precautions, it ought to be possible to prepare and maintain standard solutions in which the errors are negligible compared with those to be expected in the analytical methods to be used. The calibration of colorimeters should be carried out at regular intervals depending on the method of analysis, i.e. monthly or two monthly or when new batches of reagents are prepared. It is 114 important that the instrument readings, graphs and calculations are recorded in a special book together with the date, wavelength, optical path length and the identity of the instrument. Many laboratory workers often omit some of these small details which provide vital information for investigating a method that has gone out of control.
Work simplication
Time for quality control can often be created by the use of ergonomics and work simplification. Unconsciously ergonomics is applied piecemeal but a deliberate methodical application is suggested. The relative position of each worker to his equipment such as pipettes, reagent bottles, refrigerators and especially the common heavily-used items such as centrifuges and colorimeters should be observed.
. 3 Rearrangement can often reduce walking-time, and the need for additional pipettes, colorimeters or centrifuges may become apparent.
Much equipment suitable for work simplification is within the budget of a small laboratory. Small centrifuges costing £20 and £45 can easily be located on the bench between two workers and only occupy a small area. A flow-cell colorimeter can save considerable time and a number of inexpensive models are available for less than £140. The case for buying such apparatus can be strengthened by sharing it with, for example, the haematology department for use with haemoglobin estimations.
The use of automatic dispensers and diluters not only saves time but increases precision (Mitchell, Proffitt and Annan, 1966) . The purchase of motorised devices is limited by price, but a few of these should be applied to the estimations most "':if100wi . frequently required such as sodium, potassium, urea and glucose. For other methods, cheaper dispensers can be employed more liberally and if each method is examined step by step, points of application can be found. Sometimes two reagents may be mixed and dispensed in one operation.
Where small numbers of samples and insufficient funds do not justify the purchase of an Auto-Analyzer, 'limited function automation' (Hardy, 1968 ; Fisons Scientific Apparatus, Bakewell Road, Loughborough) has much to commend it. The saving in technician-time and increase in precision can be considerable.
For manual methods, the use of constriction micro-pipettes can give quicker and more precise results than those obtained with the conventional straight open-bore pipette.
Protein precipitation with centrifugation and transfer of supernatant is a time-consuming stage in most techniques. An increasing number of methods are becoming available in which various serum constituents can be estimated without precipitation of protein, e.g, albumin, alkaline phosphatase, bilirubin, glucose, iron, phosphate, SGOT and urea.
TECHNIQUES OF QUALITY CONTROL

Control serum
The choice of control serum in the small laboratory is limited. With a pool of patients' sera or commercial unassayed sera, it will take a considerable time to accumulate sufficient figures to give reliable estimates of the levels of constituents. Even these figures may be biased, as suggested by the results in Table 2 which show the mean values obtained for sodium, potassium and chloride in aqueous solutions by 22 laboratories. The distribution of the samples was randomised but the laboratories received identical samples for a given week. The mean results found are between 0.7 and 2.5 %lower than the weighed-in values.
It seems advisable therefore, to use a commercial control serum for which the constituent values have been based on either a large number of assays performed in approved laboratories or on weighedin amounts. In determining the frequency of use of control sera, a balance has to be achieved between economy of material and labour and adequate maintenance of the quality of results. When a certain estimation is performed daily, the minimum requirement is for a control serum to be analysed with the largest batch of the day, the results then being plotted on the charts described below. With the less frequently performed estimations, it is advisable to assay a control serum with each batch since inter-batch variation is likely to be larger.
Control charts
On the simplest control chart the reference or accepted value of a given constituent is shown as a central line above and below which lines are drawn indicating upper and lower warning and action limits, corresponding to two and three times the laboratory standard deviation. A most convenient way of measuring the standard deviation of a technique is to use the difference between duplicate estimations. Each day several such measurements are obtained on routine specimens until at least 20 or preferably 30 pairs of results are available. Even by obtaining only three pairs per day, a figure for the laboratory deviation can be calculated in two weeks. Sera showing grossly abnormal values for a given constituent should not be included. The standard deviation is obtained by using the formula:
where d is the difference between a pair of duplicates and N the number of specimens.
It is suggested that in the small laboratory, subject to the supervision of the biochemist, the control charts should be constructed by the technicians doing the work. The results should be plotted as soon as they become available and the charts openly displayed. This approach not only lightens the work of the biochemist but facilitates inspection, ensures maximum participation by the analyst and avoids the vulnerable arrangement whereby the task is allocated to one person.
Interpretation of control charts
As the results are plotted each day on the charts, the points should appear as a fairly even distribution about the mean or reference value and in between the upper and lower warning limits. It should be remembered that even with a technique under control, 1 in 20 of the results will fall between the warning and action limits and 1 in 300 will fall outside the action limits. Unless the technique is out of control however, the point immediately following a 'wild' result is most likely to be within two standard deviations. Where figures show a persistent bias and yet lie within the warning limits, an explanation should be sought. It may be due to a difference in method from that used by the manufacturer of the serum but there may be a small defect in calibration or technique which, if enlarged, would cause the analyses to go out of control.
A chart should be treated as a guide and action taken on a practical commonsense basis, but when there is no doubt that a technique is out of control, action must be taken immediately.
During the inter-laboratory experiment on aqueous solutions already mentioned, some interest-117 ing information was obtained from a questionnaire returned by 14 laboratories using commercial control sera. It will be seen from Table 3 that they almost all used control sera for sodium, potassium, chloride, urea and glucose, at various frequencies, and yet an appreciable percentage of unacceptable results were returned.
A contributory factor to errors such as these could be that quality control tends to be retrospective and this emphasises the need for the minimum delay in the recording and display of control data and the regular duplication of assays etc. Other serious, long-term, aggravating factors often derive from shortages of equipment and staff. Table 3 . The percentage of unacceptable results from laboratories using control sera (All laboratories made use of control sera for quality control purposes. Aqueous solutions were analysed, and the criteria of acceptability were the same as in Table 1 with the addition of urea (content 40 mg/1oo ml) ± 3 mg/1oo ml and chloride (content 101 m-equiv/I) ± 3 mequiv/I)
Substance
No 
Further developments in quality control
After some experience of the simple control chart, the practice of carrying out duplicate estimations on a small proportion of routine specimens each day can be developed as a regular feature. The information obtained can be exploited in two ways: it provides a continuous updating and long term monitoring of standard deviation values, and also a further chart can be constructed on which is plotted the mean range of the duplicate estimations against sample number. For general guidance and details for obtaining the warning and action limits see Moroney (1965) .
Participation in a regional quality control scheme is invaluable since a laboratory working in comparative isolation can be misled into a false sense of satisfaction.
Enzymes
The application of commercial assayed sera for enzyme control is not entirely satisfactory owing to the profusion of methods and units.
Basic precautions are again important. These include frequent preparation of substrates with the use of an appropriate preservative where possible, periodic checks on pH and refrigeration when not in use. The lability of certain enzymes at room temperature must be remembered and adequate precaution taken. It is important to ensure equal incubation and colour development times for each batch of estimations. Cheap timing clocks may show remarkable differences when set to run for the same period. The zero adjustment of instruments against water rather than reagent blanks is a useful procedure which over a period of days or weeks can show changes in the reagent blank indicative of decomposition of the substrate. Sera with high enzyme levels require special attention with regard to dilution rules etc.
With due attention to the precautions mentioned, the enzyme levels of a commercial assayed serum should be estimated and where differences cannot be accounted for either by differences in method or unitage then a thorough investigation of the technique must be carried out. Consultation with colleagues on their experiences with the same control sera can be valuable. GENERAL CoNCLUSION Ways have been suggested in which the working of the small laboratory can be improved and a modest quality control programme operated with the minimum of expense. It is suggested that piecemeal isolated innovations are not likely to improve quality, greatly and the functioning of the laboratory needs to be studied as a whole.
